Outcomes of cardiopulmonary resuscitation (CPR) in hospitalized patients with ESRD requiring maintenance dialysis are unknown. Outcomes of in-hospital CPR in these patients were compared with outcomes in the general population using data from the Nationwide Inpatient Sample (NIS; 2005 . The study population included all adults ($18years old) from the general population and those with a history of ESRD. Baseline characteristics, in-hospital complications, and discharge outcomes were compared between the two groups. The effects of in-hospital CPR on mortality, length of stay, hospitalization charges, and discharge destination were analyzed. Yearly national trends in survival, discharge to home, and length of stay were also examined using the Cochran-Armitage trend test. During the study period, 56,069 patients with ESRD underwent in-hospital CPR compared with 323,620 patients from the general population. Unadjusted in-hospital mortality rates were higher in patients with ESRD (73.9% versus 71.8%, P,0.001) on univariate analysis. After adjusting for age, gender, and potential confounders, patients with ESRD had higher odds of mortality (odds ratio, 1.24; 95% confidence interval, 1.11 to 1.3; P,0.001). Survival after CPR improved in the year 2011 compared with 2005 (31% versus 21%, P,0.001). Multivariate analysis also revealed that a greater proportion of patients with ESRD who survived were discharged to skilled nursing facilities. In conclusion, outcomes after in-hospital CPR are improving in patients with ESRD but remain worse than outcomes in the general population. Patients with ESRD who survive are more likely to be discharged to nursing homes. Ventricular arrhythmias and sudden and cardiac death necessitating cardiopulmonary resuscitation (CPR) are common occurrences in patients on maintenance dialysis. 1,2 Such events mostly occur during dialysis and only 56% of these patients present to the hospital alive, with 24% of those surviving to the hospital discharge and 15% alive at least 1year after the event. 1 However, few data are available on the outcomes of CPR in hospitalized patients with ESRD. The existing literature consists of small and older studies that do not reflect current standards of CPR practices. In a study of 74 patients with ESRD undergoing CPR in both hospital and dialysis units, 37% survived the initial resuscitation; 6% were alive at the time of hospital discharge, and 3% were still living 6 months later. 3 Patients without ESRD had similar immediate (27%) survival and survival to hospital discharge was not significantly better (6% in patients on dialysis and 30% in patients without ESRD). However, post-CPR survival at 6 months was significantly better in patients without ESRD (2% in patients on dialysis versus 23% in patients without ESRD,
Ventricular arrhythmias and sudden and cardiac death necessitating cardiopulmonary resuscitation (CPR) are common occurrences in patients on maintenance dialysis. 1, 2 Such events mostly occur during dialysis and only 56% of these patients present to the hospital alive, with 24% of those surviving to the hospital discharge and 15% alive at least 1year after the event. 1 However, few data are available on the outcomes of CPR in hospitalized patients with ESRD. The existing literature consists of small and older studies that do not reflect current standards of CPR practices. In a study of 74 patients with ESRD undergoing CPR in both hospital and dialysis units, 37% survived the initial resuscitation; 6% were alive at the time of hospital discharge, and 3% were still living 6 months later. 3 Patients without ESRD had similar immediate (27%) survival and survival to hospital discharge was not significantly better (6% in patients on dialysis and 30% in patients without ESRD). However, post-CPR survival at 6 months was significantly better in patients without ESRD (2% in patients on dialysis versus 23% in patients without ESRD, P=0.044). 3 Another study analyzed the outcomes of 12 CPR attempts in patients with ESRD who had cardiac arrest in the dialysis unit. Four patients died within the first 48 hours, seven were alive at the time of hospital discharge, and five were living 2 months later. 4 Tzamaloukas et al. examined 53 patients on maintenance dialysis undergoing 56 CPR episodes: survival was 50% in the dialysis unit (6/12), 44% in the intensive care unit (1/5), 20% in the emergency room (1/5) , and zero in hospital wards (0/12). 5 CPR guidelines and algorithms receive regular updates, and it is not known whether the data from the previous small-scale studies are applicable in the current era. Outcomes of in-hospital CPR may be different from CPR outcomes in dialysis units but knowledge of outcomes of in-hospital CPR in patients on dialysis is limited. Larger studies that are devoid of single-center institutional biases and that reflect the current standards of inhospital CPR practices are needed to answer this question. The present study aims to fill this literature gap by using a large nationally representative data set.
RESULTS

Characteristics of CPR Recipients
From 2005 to 2011, 56,069 patients with ESRD received in-hospital CPR, compared with 323,620 patients from the general population. Patients' demographics and comorbid conditions are listed in Table 1 . Patients with ESRD were younger with a mean age of 64 years versus 67 years, P,0.0001. A higher percentage of African Americans and Latin Americans were in the ESRD group. Patients with ESRD were less likely to have private health maintenance organization insurance or no insurance and more likely to have Medicaid/Medicare. Chronic obstructive pulmonary disease, obesity, solid tumor with metastasis, metastatic cancer, alcohol abuse, and nicotine dependence were more common in the general population group; all other comorbid conditions were more common among patients with ESRD. The patients with ESRD had a higher Charlson comorbidity index than the general population (Table 1) . Figure 2 ).
Survival to Discharge and Discharge Destination
Higher in-hospital mortality was observed in patients with ESRD in both univariate and multivariate analyses (Tables 2  and 3 ). However, survival improved in 2011 compared with the previous years (31% in 2011 versus 21% in 2005, P,0.001) ( Figure 3 ). On multivariate analysis, a higher proportion of the survivors in the ESRD group were discharged to skilled nursing facilities, including both nursing and rehabilitation facilities (Table 3 ) (odds ratio (OR), 1.13; 95% confidence interval, 1.1 to 1.25); P,0.04). Age ,65 years, African-American and Latin-American race, cardiac catheterization, and hospital teaching status were the significant factors associated with the discharge-to-home status on multivariate analysis (Table 4 ). In the year 2011, 19% of patients with ESRD were discharged home compared with 9% in 2005, P,0.0001( Figure 4) . On further subanalysis (data not shown), patients undergoing CPR in teaching hospitals had similar odds of mortality (OR, 0.92; 95% confidence interval (95% CI), 0.85 to 1.12; P=0.2) and lower odds of discharge to nursing homes (OR, 0.76; 95% CI, 0.66 to 0.83; P,0.0001), whereas higher odds of mortality (OR, 1.44; 95% CI, 1.23 to 1.63; P,0.0001) and discharge to nursing homes (OR, 2.14; 95% CI, 1.73 to 2.61; P,0.04) were observed in the patients in intensive care units.
DISCUSSION
In comparison with the general population, a higher proportion of patients on dialysis undergoing in-hospital CPR died during the hospitalization. The length of, and charges for, hospitalization were also higher in these patients and more of the patients on dialysis were discharged to nursing facilities (Tables 2 and 3) . Despite high mortality, survival and discharge to home status were significantly better in 2011 compared with the previous years. The present study confirms the previously published literature showing that dialysis status is associated with lower survival after CPR. In one study of 24 patients on dialysis, CPR events were studied between the years 1979 and 1990 in both in-hospital and affiliated outpatient dialysis unit settings. 6 Eighteen patients (75%) were initially resuscitated successfully but only 11 patients (45.8%) were alive 24 hours after resuscitation, and two patients (8.3%) survived more than 1month, but none of them were alive at the time of hospital discharge. In a singlecenter study 3 of 74 dialysis patients experiencing CPR in both outpatient dialysis and hospital settings, 37% were successfully resuscitated initially but only 6% survived to hospital discharge. The 26% survival to hospital discharge in the present study may be higher than the previously reported literature because only in-hospital CPR was studied and patients were excluded whose primary diagnosis was cardiopulmonary arrest. This methodology was used to exclude biases associated with in-the-field CPR. The study also comprises a much larger number of patients, which may account for some of the variability in the results. Clearly, patients on dialysis may arrest in the dialysis unit during or after a hemodialysis treatment and others have reported on outcomes following CPR in dialysis units. 1, 3 In one study, survival of in-dialysis-unit CPR was around 15%. 1 Although the cause of cardiopulmonary arrest in the dialysis unit versus the hospital may or may not differ, there are no contemporary studies of survival following in-dialysis-unit CPR. The present study's data set could not capture CPR events in the dialysis units and additional studies are needed to address this issue.
Data from the general population indicate that survival after CPR is improving, probably as a result of better CPR techniques. 7 The International Liaison Committee on Resuscitation and the American Heart Association guidelines for CPR and emergency cardiovascular care were changed in 2005 and reiterated in 2010. Changes included reducing the initial number of back-to-back rhythm analyses and shocks, eliminating rhythm and pulse checks immediately after each shock, increasing the ratio of chest compressions to ventilation from 15:2 to 30:2, and doubling the required period of CPR between successive rhythm evaluations. 8, 9 The observed higher survival in the present study is in large part due to changes in CPR technique that have led to a small but significant increase in overall survival among all in-hospital patients with ESRD who had received CPR. Despite this overall improved survival following in-hospital CPR, patients with ESRD continue to do poorly compared with the general hospital population (Table 1) . This was previously shown in small, single-center studies 3, 4 and persists despite some overall improvement in post-CPR survival between 2005 and 2011. The poorer survival seen in patients with ESRD could be a result of high comorbidity burden (Table 1) . However, survival did not improve after adjustment of age, gender, and comorbidities in the multivariate analysis, indicating a direct plausible effect of ESRD status. In the general population, advanced age is a predictor of failure to survive after in-hospital CPR. 10 Interestingly, in our cohort, patients with ESRD were younger than the general population but still had higher mortality. In one large meta-analysis of survival after inhospital CPR, sepsis on the day before resuscitation was a major risk factor for the poor CPR-related survival. 11 In our cohort, more patients with ESRD had sepsis, which could be one explanation for their poor survival. We did not see a high frequency of rib fractures, which is a predictor of early termination of the CPR procedure. 12 It could still be possible that medical professionals fear rib fractures in patients with ESRD because of concomitant bone disease and therefore CPR efforts are terminated earlier in patients on dialysis. Our data set does not provide information on CPR duration or on the cause of cardiorespiratory arrest, preventing further analysis. It could also be hypothesized that we have a negative bias toward the ESRD status in terms of survival outcomes which may affect our CPR efforts. In addition, our data set does not allow us to analyze the effect of cardio-protective medications such as b-blockers, calcium-channel blockers, and reninangiotensin system blocking drugs, which have been shown to improve survival after cardiac arrest in patients on dialysis. 13 More studies are needed to answer these questions, but prognostic information about poor survival needs to be discussed with patients on dialysis. To our knowledge, improved CPR outcomes in patients with ESRD that are related to the time period in which the CPR was performed have not been previously described. Despite better survival in 2011 compared with 2005, overall CPR outcomes remain poor in patients on dialysis. Our two main outcomes, i.e., survival and discharge to home status, were better in 2011 compared with the previous years. Hence, the time-frame during which CPR outcomes were examined likely contributed to the differences in outcomes shown in our study compared with earlier, single-center reports.
In a subanalysis of outcome differences between patients with ESRD who were in intensive care units and those who were not, we observed higher odds of mortality and discharge to nursing homes in patients in intensive care units, which likely represents a sicker patient population. In a separate multivariate analysis between teaching and nonteaching hospitals, we found lower odds of discharge to nursing homes in teaching hospitals. There were no statistically significant differences in the rates of cardiac interventions between the teaching and nonteaching hospitals for cardiac angiography, cerebral angiography, coronary angioplasty, and coronary artery bypass grafting (data not shown). Although more research is needed on this issue as a whole, teaching hospitals have better outcomes than nonteaching hospitals for patients with breast cancer, cerebrovascular accidents, and mixed diagnoses. 14 We found that a higher proportion of patients with ESRD were discharged to nursing facilities. Our study supports the previous literature illustrating progressive functional decline punctuated by episodes of acute hospitalization in dialysis patients. 15 However, our findings differ from a single-center, United States-based, intensive care study in which chronic dialysis dependency was not a significant risk factor for discharge to nursing homes. 16 As our study consists of a larger patient cohort over several years, the higher likelihood of discharge to a nursing facility in patients on dialysis surviving CPR is probably common and should be communicated with the patients and their families during CPR discussions.
Interestingly, rates of withdrawal of care were not significantly different between patients with ESRD and the general population after CPR (Table 2 ). However, within the cohort of patients with ESRD, withdrawal of care increased from 2005 to 2011 ( Figure  4 ). This is a novel finding and may represent improved end-oflife care communication by the medical community.
Our study has several limitations as it is based on an administrative data set and relies on accuracy of coding. These limitations have been discussed elsewhere. 17 For maintenance dialysis patient sensitivity and positive predictive values of International Classification of Disease, 9
th Revision, Clinical Modification (ICD-9) codes are good but variable across studies (sensitivity median, 81%; positive predictive value median, 96%). 18 We excluded patients with acute renal failure from the ESRD group and the ICD-9 code of AKI has a specificity of 90%. 19 The sensitivity and specificity of CPR code is variable across hospitals but has been consistently used in the literature. 20, 21 Our findings of improved outcomes are consistent with the more recently published literature, lending reliability to our results. Our results do not provide information about patients' functional status at the time of discharge. However, discharge to a nursing home correlates with poor functional status, 22 suggesting more of the patients on dialysis had a poorer functional status upon discharge. It is important to understand that our study lacks information on other important CPR-related outcomes such as readmission rates, and survival at 1, 3, 6, and 12 months, which provide useful prognostic information. More studies are needed to address these issues. It is important to note that our CPR cohort only includes patients with ESRD who underwent in-hospital CPR. Our study findings cannot be generalized for the CPR-related outcomes in outpatient dialysis units.
Patients with ESRD also had higher mean hospital charges, which were directly associated with a longer hospital course. In this data set, total hospitalization charges represent the amount that hospitals billed for services, not how much hospital services actually cost or the specific amounts received in reimbursement. These charges include hospital overhead costs, charity care, and bad debt; physicians' professional fees are not included.
Interestingly, although intubation and blood transfusions were more common among patients on dialysis, many interventions, such as cardiac procedures, were less common among these patients. The reasons for these differences are not discernible from the data but may suggest, as others have reported, that high comorbidity among patients with dialysis may lead to fewer interventions. 23 In patients on dialysis, CPR events occurred more often in teaching hospitals, large hospitals, and in the south and west regions ( Table 2 ). The reasons for these differences are unclear. However, healthcare intensity varies by geographic area 24 and is higher among older adults initiating dialysis in the hospital. 25 Post-CPR withdrawal of care was not statistically different in patients with ESRD compared with the general population, a finding which has not previously been reported.
Ours is the largest study aimed at analyzing the outcomes of in-hospital CPR in patients on maintenance dialysis. Our data are derived from a nationally representative sample and are devoid of institutional bias. Our results are therefore generalizable and provide important information to physicians engaged in advance care planning discussions with patients and families involving the usefulness of in-hospital CPR.
In summary, we observed higher odds of mortality and discharge to nursing home in patients on dialysis undergoing in-hospital CPR. In 2011, survival, discharge to home, and mean length of stay improved but nearly 74% of patients died in the hospital. Our study adds to the existing literature by providing more details about the contemporary success rates of CPR in a large sample of dialysis patients. These statistics can be used to facilitate complex and challenging patient/provider discussions on advance care planning involving choices for CPR in stable or acute situations in the hospital or intensive care settings. Additional studies are needed to analyze post-CPR quality of life and long-term outcomes.
CONCISE METHODS
We obtained Institutional Review Board exempt status for the present study from the Cleveland Clinic Institutional Review Board committee. The analysis was based on data files from National Inpatient Sample (NIS), 2005-2011. A comprehensive synopsis on NIS data is available at http://www.hcup-us.ahrq.gov. NIS is the largest all-payer inpatient-care database created by the Agency for Healthcare Research and Quality. It contains yearly discharge data from more than 1000 short-term and non-Federal hospitals, which approximates a 20% stratified sample of United States hospitals. Each hospitalization is treated as an individual entry in the database and is coded with one principal diagnosis, up to 14 secondary diagnoses, and 15 procedural diagnoses associated with that stay. NIS encompasses information for all patients regardless of payer, including private insurance and the uninsured. It also includes hospital information: teaching or nonteaching, rural or urban, large or small volume and private or publicly owned. Discharge weights are provided to facilitate the projection of national estimates, along with information necessary to calculate the variance of estimates. Further details about discharge weights can be accessed at the website.
We used the ICD-9-CM primary or secondary procedure codes 99.60 to identify the adult patients ($18 years) who underwent CPR. Patients who had cardiopulmonary arrest (427.50) as a primary diagnosis were excluded to avoid including patients who experienced an out-of-hospital event in our analysis. 20 We also used the ICD-9-CM primary or secondary diagnosis code (585.6) to identify patients with ESRD and the procedure codes (54.98 for peritoneal dialysis and 39.95 for hemodialysis) to identify patients on dialysis. We excluded all cases with ICD-9-CM primary or secondary diagnosis codes of CKD III (585.3), IV (585.4), and V (585.5), unspecified CKD (585.9), AKI (585.6), and renal transplant (556.1-556.9, 996.81 and V42.0). Patients undergoing CPR were divided into two groups: dialysis and non-dialysis.
Study variables included patient age, gender, race/ethnicity; comorbidities obtained from Agency for Healthcare Research and Quality comorbidity data files including diabetes mellitus, hypertension, congestive heart failure, chronic lung disease, deficiency anemias (iron, B12 and folate deficiency related anemia, valvular heart disease, peripheral vascular disease, fluid and electrolyte disorders, liver disease, AIDS, obesity, paralysis, solid tumor without metastasis, metastatic cancer, alcohol abuse, and coagulopathy. ICD-9-CM secondary diagnosis codes were used to identify patients with atrial fibrillation (427.3), coronary artery disease (410-414), nicotine dependence (305.1), dementia (290.0-290.40, 294.1, and 331.0), malnutrition (260.0 and 263.9), hyperkalemia (276.6), and dyslipidemia (272.0). We used the Charlson Comorbidity 26 Index to identify the burden of comorbid conditions (Table 1 ). This index uses 17 comorbid conditions with differential weighting and total scores ranging from 0 to 33, with higher scores representing greater comorbidity burden. In accordance with the previous literature, 27 we excluded kidney disease when calculating the index because that was already included as patient characteristic. Patients were also categorized based on insurance status into Medicare/Medicaid, private/health maintenance organization, or no insurance.
The ICD-9-CM secondary diagnosis codes were used to identify patients with common hospitalization-associated complications such as myocardial ischemia (410.0-410. 9 We used ICD-9-CM procedure code V66.7 (palliative care, end-oflife care, hospice care, or terminal care) to identify the patient who received "withdrawal of care". This code has been validated previously and has sensitivity and specificity values of 81% and 97%, respectively. 28 We also used procedure codes to estimate the percentage of patients who underwent in-hospital procedures such as cerebral angiography (88.41), cardiac catheterization (37. 21 Hospitals were categorized by geographic region in the USA as Northeast, Midwest, West, and South. Facilities were considered teaching hospitals if they had an American Medical Association-approved residency program, were a member of the Council of Teaching Hospitals, or had a ratio of full-time-equivalent interns and residents to patients of 0.25 or higher. The hospitals were further characterized into small, medium, and large based on available hospital beds. Discharge status was categorized into home/self-care, nursing facility (including skilled nursing home, intermediate care facility, hospice, in-patient rehabilitation facility, long-term care hospital, transfer to another institute which is not specified), unknown, and in-hospital mortality.
The SAS 9.1 software (SAS Institute, Inc., Cary, NC) was used to convert NIS database data into weighted counts to generate national estimates, following Healthcare Cost and Utilization Project recommendations. We performed univariate analysis, chi-squared for categorical and t test for continuous variables to identify differences in study variables and endpoints between patients with or without ESRD. Two logistic regression models were created. Model one included all patients and logistic regression analysis was used to identify the association between ESRD and odds of in-hospital mortality. Model two included patients who were discharged alive and logistic regression analysis was used to identify the association between ESRD and odds of discharge to a nursing facility. The logistic regression model was adjusted for age (as a continuous variable), gender (as a categorical variable), and confounding factors (as a categorical variable). Confounding factors were defined as all the factors significant in univariate analysis based on a type I error of 0.05.
A logistic regression analysis was used to identify the association between patient and hospital characteristics and odds of "patients discharged to home". All variables that were significant in the univariate analysis were added as "predictor variables" to a step-wise logistic regression model. These variables were retained in the final model if P value was ,0.05. We performed a subanalysis comparing the CPRrelated outcomes of patients with ESRD in teaching versus nonteaching hospitals and intensive care unit versus non-intensive care unit settings. Logistic regression analysis was used to identify the association between ESRD and odds of discharge to nursing facility and in-hospital mortality. The logistic regression model was adjusted in a similar fashion to that mentioned above. We also performed a trend analysis to determine any change in annual average survival rate, annual percentage of patients being discharged to nursing homes from 2005 through 2011 and any percent change in annual mean length of stay from 2005 through 2011. Analysis of the annual rates of withdrawal of care, using a CochranArmitage trend test was also performed.
